Abstract. C,4, C15, and C16 alkyl nitriles, and C16 and C18 alkyl acetylenes at 10 to 105 micromolar concentrations promote the growth of stem sections from red-light-exposed seedlings of dwarf peas (Pisum sativum L. cv. Progress No. 9). Similar results were obtained with substances active as insect juvenile hormones, namely farnesol, the racemic ethyl ester of 1 of the natural hormones, -and a "synthetic juvenile hormone" mixture, the latter 2 having as high an activity in the pea assay as any lipid reported previously. A sterically nearly idenitical compound, methyl-RS-10,11-epoxyfarnesoate, is a weak insect hormone and did not promote plant growth. Thus activity in peas and in insects is in some cases parallel. Other similarities and some differences are discussed. Peas appear to require molecules longer than 20A, while insect activity is maximal at that length. All active molecules are ineffective in promoting pea stem elongation by themselves, indole acetic acid must also be present. The lipid effect in plants and the juvenile hormone response in insects have much in common and the evidence suggests they could have a similar locus of action in a membrane controlling respiratory function. In this paper, our previous report that palmitonitrile is active in the bioassay is extended to other simple nitriles, and alkyl acetylenes also are shown to be active. In addition, the racemate of the ethyl ester of one of the natural insect juvenile hormones, as well as a synthetic mixture with juvenile hormone activity, are shown to be highly effective in promoting growth of pea stem sections.
The elongation of pea stem sections cut from seedlings which have been exposed to weak red light during development is 'promoted by certain lipids in the presence of sugars and auxins. Often the response is twice that to auxin alone.
The physiologically effective lipids are a diverse group but have the following charac-teristics in common. All are simple alkyl or isoprenoid hydrocarbons with a chain length of at least 12 carbon atoms. All are nonionizable, but contain a polar group such as an ester or hydroxyl moiety. Natural compounds which are physiologically active include such substances as triglycerides, a-tocopherol, vitamin K1, and phytol (32) . Representative synthetic substances which also are active in the bioassay include methyl oleate, some Tween detergents, and monoolein (31) . Small In this paper, our previous report that palmitonitrile is active in the bioassay is extended to other simple nitriles, and alkyl acetylenes also are shown to be active. In addition, the racemate of the ethyl ester of one of the natural insect juvenile hormones, as well as a synthetic mixture with juvenile hormone activity, are shown to be highly effective in promoting growth of pea stem sections.
Materials and Methods
The bioassay used has been described previously (32) . Brieflv, 10 mm sections cut from just below the apex of 7 Measuring the sections treated with I again after 16 hr more incubation revealed only a uniform growth increment in all treatments. The juvenile hormones thus do not restore *the stem growth to that of the intact plant (see Fig. 1 in 21) . The small quantity of material available to us wxas exhausted in this and 1 preliminary experiment. so replicate tests were not possible.
Need for Auxin. An important characteristic of the pea bioassay is the inability of the previously tested lipids to induce stem section elongation in the absence of auxin (30) . Two experiments simultaneously comparing 1-octadecyne, palmitonitrile and the synthetic insect hormone mixture with the triolein standard are summarized in table IV. Similar results were observed when compounds were tested separately in smaller experiments. In no case was any significant effect of the lipids noted, other than occasional growth inhibition, unless auxin is present. Interestingly, the morphogenetic effects in insects of juvenile hormone are believed to be expres'sed only in the presence of ecdys,one (22) .
Discussion
Molecutlar Requirements for Activity. Among al,kyl nitriles, the 14 carbon chain was appreciably less active than the 15, reminiscent of our results with fatty acid esters whose activity waned at a 12 carbon chain (31) . But since the methyl ester moiety must be added, the actual lengtlh of both mvristonitrile and methyl laurate is nearly the same, namely about 20 A (33). This then, appears to be the minimum chain length necessary for activitv in the pea section bioassay. This could also explain the striking difference between insect hormones I and II. Although the former is a C13 chain, geometrical isomerism gives it an effective length of C12,. It is the ethyl ester moiety which makes it one methylene group longer than II, just exceeding 20 A. The natural insect hormone, being a methyl ester, is probably ineffective in the plant assav. In the acetylene series, the shortest effective compound, 1-tetradecyne, is also just 20 A long.
8-Octadecvne is the first substanice tested with a centrally located polar group. A polar, but nonionizable, group has been present in all molecules found to be active so far, but the fact that this need not be located at the end of the chain may prove difficult to reconcile with any steric fit hylpothesis to explain the action of these substances. The insect hormones tested here have 1 to 3 polar groups. but only 1 appears necessary for activity (27, 35) . A polar group could help stabilize the emulsion. but emulsions are ineffective in insects (35) .
The relatively high activity of the alkvl acetvlenes tested demonstrates once again that comparatively inert substances can activate the response to auxin. Since even the readilv metabolizable triolein and methvl oleate do not contribute directly to more than a fraction of the respiratorv stimultus observed with the active lipids (20) , it continues to be likelv that the activity of all these diverse compotunds is not a direct result of their being metabolized. Instead. the size and polaritv requirements, and the fact that fattv acid esters (21) and vitamin K1 (9) enter cell fractions rich in membranes. point strongly at the possibility that active lipids match some steric matrix, probably in a membrane.
Analogy Betwecn Plant and Insect Hormnonies.
Carlisle et al. (3) have briefly reported that a locust extract containing ecdysone-A stimulated the growth of intact dwarf pea internodes, wlhile gibberellic acid was active in an insect development bioassay. They concluded that both the plant and insect growth hormones had "similar effects on both plants and locusts". Later, ecdysone itself and related substances were found in plants (4) . Ecdysones are a (27) , and Wigglesworth (35) reveals a number of similarities between molecules active on plants or on insects, even when they have not yet been tested in bo-th systems. In fact, the conclusions that Schneiderman et al. (27) reached for *the insect active substances, i.e. there is no obvious structural relationship between active molecules, there is a critical size required for activitv, and the compounds themselves must be active since they are not likely to be precursors of any common substances, are the same conclusions we have reached (20, 21) for the materials active in the pea tesit.
In a detailed comparison, there are differences. In 3 homologous series, Schneiderman et at. (27) found a distinct molecular length for optimum activitv at 20 A. The 2 a'uthentic hormones identified since (18) (11) , respiration is increased (10, 12, 14) , there are relationships to plant hormone changes (10, 12. 14, 16) and sugar metabolism (15) In the pea, the earliest known effects of active lipids are observed from one-half to 3 hr after application when 'both respiration and elongation are -stimulated. Lipids will stimulate respiration in the absence of elongation. And this respiratory stimulus occurs even when protein or nucleic acid synthesis is blocked by inhibitors such as actinomvcin D, puromycin, ol cycloheximide (21) .
The small amounts of authentic juvenile hormone available to us have not permitted an investigation of its effect on pea stem respiration. But, since in all other respects its effect is so sim,ilar to those lipids known to stimulate pea stem respiration, we would predict that it should also do so. It is notewor,thy that the typical effect of juvenile hormone 'in insects is to change the nature of the molt to a larval or pupal form, Itimes when drastic changes in cellular respiratory svstems normally occur (19, 26) . Stegwee (29) and Clarke and Baldwin (7) have briefly reported stimulation of oxygen uptake of isolated insect respiratory organelles with crude juvenile lhormone extracts. Minks (19) failed to confirm these observations, although he did find marked changes in P :O ratios, bu't he used different isolatioln and incubation media.
Since in the pea, active lipids bring a'bout the appearance of dinitrophenol sensitive respiration '(21), one cotuld hypothesize that the major physiological action of effective lipids is in some wav to promote the producti'on of energy containing phosphate compounds. Minks (19) evidence supports this idea. Perhaps in plants and insects, the effective lipids help to maintain the activiity of a phosphorylating part of the electron transport system which is later abandoned during normal development.
Thus, 'the primary site of lipid action could be either in a memibrane of a respiratory organelle, as indicated by the above papers, although our previous efforts to show this directly in pea organelles were unavailing (21), or in a membrane system regulating the flow of glycolytic intermediates to the electron 'transport svstem. In either case, the enhancement of auxin action would 'be secondary, resulting from the increased supply of respiratorily derived energy.
